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Abstract 

Introduction: West Africa is characterized by the circulation of HIV-1 and HIV-2. The laboratory diagnosis of these two infections 
as well as the choice of a first-line antiretroviral therapy (ART) is challenging, considering the limited access to second-line 
regimens. This study aimed at confirming the classification of HIV-2 and HIV-1&2 dually reactive patients followed up in the HIV-2 
cohort of the West African Database to evaluate AIDS collaboration. 

Method: A cross-sectional survey was conducted from March to December 2012 in Burkina Faso, Cote d'lvoire and Mali among 
patients classified as HIV-2 or HIV-1&2 dually reactive according to the national HIV testing algorithms. A 5-ml blood sample was 
collected from each patient and tested in a single reference laboratory in Cote d'lvoire (CeDReS, Abidjan) with two immuno- 
enzymatic tests: ImmunoCombll® (HIV-1&2 ImmunoComb BiSpot - Alere) and an in-house ELISA test, approved by the French 
National AIDS and hepatitis Research Agency (ANRS). 

Results: A total of 547 patients were included; 57% of them were initially classified as HIV-2 and 43% as HIV-1&2 dually reactive. 
Half of the patients had CD4>500 cells/mm^ and 68.6% were on ART Of the 312 patients initially classified as HIV-2, 267 
(85.7%) were confirmed as HIV-2 with ImmunoCombll® and in-house ELISA while 16 (5.1%) and 9 (2.9%) were reclassified as 
HIV-1 and HIV-1&2, respectively (Kappa =0.69; p < 0.001). Among the 235 patients initially classified as HIV-1&2 dually reactive, 
only 54 (23.0%) were confirmed as dually reactive with ImmunoCombll® and in-house ELISA, while 103 (43.8%) and 33 (14.0%) 
were reclassified as HIV-1 and HIV-2 mono-infected, respectively (kappa = 0.70; p <0.001). Overall, 300 samples (54.8%) were 
concordantly classified as HIV-2, 63 (11.5%) as HIV-1&2 dually reactive and 119 (21.8%) as HIV-1 (kappa =0.79; p < 0.001). The 
two tests gave discordant results for 65 samples (11.9%). 

Conclusions: Patients with HIV-2 mono-infection are correctly discriminated by the national algorithms used in West African 
countries. HIV-1&2 dually reactive patients should be systematically investigated, with a standardized algorithm using more 
accurate tests, before initiating ART as at least 4 out of 10 of them could initiate an effective first-line ART for HIV-1 and optimize 
their second-line treatment options. 
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Introduction 

West Africa is characterized by the circulation of both 
HIV-1 and HIV-2, which leads to co-infections with HIV-1 and 
HIV-2 (HIV-1&2) [1-4]. The biological diagnosis of these co- 
infections [5-7] as well as the choice of a first-line antire- 
troviral therapy (ART) is still challenging, when considering the 
natural resistance of HIV-2 to non-nucleoside reverse tran- 
scriptase inhibitors (NNRTIs) [8,9] and the limited access 
to second and third-line ART in low- and middle-income 
countries [10-13]. 

Several algorithms have been adopted for the routine 
diagnosis of HIV infection about 15 years ago in most West 
African countries, in line with the US Centres for Disease 



Control and prevention (CDC) and World Health Organization 
(WHO) recommendations [14]. Most of them were based 
on the serial use of two rapid serological tests at the peri- 
pheral level, with a third immuno-enzymatic test in case of 
discordance [7,15]. As HIV-2 is resistant to NNRTIs [8,9], and 
as viral resistance to first and second-line ART has emerged 
[16-19], the choice of ART for HIV-2 differs from that for HIV-1. 
It is therefore mandatory to discriminate well between 
HIV types before initiating ART in West Africa [20]. 

The national algorithms of many West African countries are 
thus based on serological tests allowing the simultaneous 
detection of HIV-1- and HIV-2-specific antibodies [7,15]. How- 
ever, many studies have reported the difficulties of these 
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algorithms to accurately discriminate between patients exclu- 
sively infected with HIV-2 and patients dually infected with 
HIV-1 and HIV-2 [7]. 

The HIV-2 West Africa cohort is composed of 4050 HIV-2 
and HIV-1&2 dually seropositive patients. It is embedded in 
the West African Database to evaluate AIDS Collaboration 
(WADA), which is part of the International epidemiological 
Database to Evaluate AIDS (leDEA) network [21]. In brief, 13 
clinics in 5 countries (Benin, Burkina-Faso, Cote d'lvoire, Mali 
and Senegal) are contributing to the West Africa HIV-2 cohort 
[22]. Patients are included in this cohort based on the results 
of HIV testing performed at clinical sites according to the 
national algorithms of each participating country. In order to 
validate the diagnosis and initial classification of patients of 
the WADA HIV-2 cohort, a re-testing was proposed to a panel 
of participants. Here, we describe the results of this retesting 
organized in three West African countries. 

Method 
study design 

A cross-sectional survey was conducted from March to 
December 2012 in Burkina Faso, Cote d'lvoire and Mali among 
patients classified as HIV-2 and HIV-1&2 dually reactive, and 
followed up in the clinical sites of the WADA HIV-2 cohort. 

Study sample 

All patients aged 18 years and above, registered in the WADA 
HIV-2 database, who attended one of the participating clinics 
during the study period were invited to participate in this 
survey regardless of ART initiation. 

Data collection 

A standardized survey form was used to collect data about 
patients' demographics, their clinical and biological charac- 
teristics from the enrolment in the cohort till the time of the 
study. The main assays used for initial HIV diagnosis were 
Determine®HIV-l/2 (Abbott Laboratories; sensitivity 100%; 
specificity 99.4%), Geniell®HIVl/HIV2 (Bio-Rad; sensitivity 
100%; specificity 99.7%), SDBioline®HIV 1/2 3.0 (Standard 
diagnostics, sensitivity 100%; specificity 99.3%) [23]. 

Biological retesting 

A total of 5 ml of blood was collected from each patient 
and sent to the referral laboratory of the study (CeDRes 
Abidjan). These samples were then tested for the detection 
of HIV-2 or HIV-1&2 dual infection using two different tests 
performed independently. The first one was ImmunoCombll® 
(ImmunoComb HIV-l&2-BiSpot Alere/Orgenics), a WHO- 
endorsed, indirect, immuno-enzymatic test (sensibility 100%; 
specificity 99.7%) [23]. This test allows the detection of anti- 
bodies against glycoproteins of HIV-1 and HIV-2. The second 
test was an in-house, indirect immuno-enzymatic test allowing 
the qualitative detection of both HIV-1 and HIV-2 antibodies. 
This test has been adapted from an assay developed for HIV-1 
by Barin et al. [24], and has shown 98% specificity [25] and 
80% concordance with real-time Deoxyribonucleic acid (DNA) 
Polymerase chain reaction (PCR) [7]. It is approved by the 
French National AIDS and Hepatitis Research Agency (ANRS) 
and routinely used in the reference laboratory of the study 



as home-made ELISA. A real-time PCR assay developed and 
validated by the ANRS [26,27] was further used to detect 
plasma HIV-1 Ribonucleic acid (RNA) in samples confirmed as 
dually reactive for HIV-1 and HIV-2 after retesting. 

Data analysis 

A data analysis was performed using Stata software (StataTM 
9.0 College Station, Texas, USA). The Chi-square test or the 
Fisher exact test was used to compare proportions while 
the non-parametric test of Kruskall-Wallis was used for the 
comparison of median values and distributions of quantita- 
tive variables. The kappa statistic was use to explore the 
concordance between the laboratory tests. 

Ethics 

This survey was approved by the national ethics committee 
of each participating country. Patients were informed and 
had to give their written consent before being included. 

Results 

Demographic and follow-up characteristics 

A total of 547 patients were enrolled in this study, 312 (57.0%) 
were HIV-2 infected and 235 (43.0%) were HIV-1&2 dually 
reactive according to the national algorithms used in each 
participating country: 232 (42.4%) were from Burkina Faso, 
268 (49.0%) were from Cote d'lvoire and 47 (8.6%) were from 
Mali. Majority were women {n = 337, 61.6%) and the median 
age was 47 years (inter-quartile range [IQR] [40-53]). Table 1 
presents the main baseline and follow-up characteristics of 
the study sample. 

Half of the patients enrolled (50.3%) had CD4 counts <350 
cells/micro litre (cell/nL) and 119 (21.7%) had CD4 counts 
between 350 and 500 cell/|iL at enrolment in the cohort. The 
overall median follow-up was 3.2 years [IQR 1.2-6.3]. More 
than two-thirds of the patients (68.6%) were on ART at the 
time of the survey; among them, 301 (83.3%) had initiated a 
regimen composed of two nucleoside reverse transcriptase 
inhibitors (NRTIs) and a protease inhibitor (PI), 51 (13.6%) 
had started ART with two NRTIs + one NNRTI and seven 
(1.8%) had initiated a three-NRTI-based regimen. At the time 
of blood sample collection, the overall median CD4 count 
was 482 cells/|iL [IQR 312-656], and more than half of the 
patients (51.5%) had CD4 counts >500 cells/|iL. 

HIV testing and differentiation on clinical site 

The diagnosis of HIV-2 infection and HIVl&2-dual infection 
was made between 2009 and 2012 in 406 patients (74.2%) 
and before 2009 in the 141 remaining ones. Data on the 
serological tests used for HIV diagnosis in clinical sites were 
reported only for 373 patients (68.2%). Determine® was 
used as the first test in the three countries. Geniell® was 
primarily used as the second test of the series in Cote d'lvoire 
(66.8%) and in Mali (50.0%), while in Burkina Faso it was SD 
Bioline® (63.8%). 

Results of serological retesting 

Qverall, between the 547 samples retested with Im- 
munoCombll® and home-made ELISA, 300 (54.8%) were 
concordantly classified as HIV-2, 63 (11.5%) as HIV-1&2 dually 
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Table 1. Baseline and follow-up characteristics of patients according to initial HIV status in a sample of the WADA HIV-2 cohort the 
surveyed in 2012 



HIV status according to national algorithms 



HIV-2 



/V = 312 



HIV-1&2 



/V = 235 



Total 



/V = 547 



Age (years) 

Median (IQR) 
Gender 

Female 
Years of HIV diagnosis 

<2006 

2006-2009 

2009-2012 
Country 

Burkina Faso 

Cote d'lvoire 

IVIali 

CD4 (cells/|xL) at inclusion in the cohort 
<350 
350-500 
>500 

CD4 (cells/|.iL) at enrolment in the study 
<350 
350-500 
>500 
ART initiation 
Yes 



48 [42-54] 



46 [38-52] 



47 [40-53] 



178 

46 
47 
219 

92 
194 
26 

117 
79 
116 

81 
64 
167 

174 



57.1 

14.7 
15.1 
70.2 

29.5 
62.2 
8.3 

37.5 
27.3 
35.2 

26.0 
20.5 
53.5 

55.8 



159 

29 
19 
187 

140 
74 
21 

158 
40 
37 

67 
53 
115 

201 



67.7 

12.3 
8.1 
79.5 

59.6 
31.5 
8.9 

67.2 
17.0 
15.8 

28.5 
22.5 
49.0 

85.5 



337 

75 
66 
406 

232 
268 
47 

275 
119 
153 

148 
117 
282 

375 



61.6 

13.7 
12.1 
74.2 

42.4 
49.0 
8.6 

50.3 
21.7 
28.0 

27.1 
21.4 
51.5 

68.6 



ART =antiretroviral treatment; IQR =inter-quartile range; WADA =West African database to evaluate AIDS; HIV-2 =human immunodeficiency 
virus type 2; HIV-1&2 = human immunodeficiency virus type 1 and type 2. 



reactive and 119 (21.8%) as HIV-1 (kappa = 0.79; p < 0.001) 
(Table 2). Both tests gave discordant results for 65 samples 
(11.9%). 

Of the 312 patients initially classified as HIV-2, 267 (85.7%) 
were confirmed as HIV-2 with ImmunoCombll® and In house 
ELISA tests, while 16 (5.1%) and 9 (2.9%) were reclassified as 



HIV-1 and HIV-1&2 respectively (Kappa =0.69; p<0.001). 
Both tests gave discordant results for 20 patients (6.4%), 
(Table 3). 

Among the 235 patients initially classified as HIV-1&2 dually 
reactive, only 54 (23.0%) were confirmed as dually reactive 
with ImmunoCombll® and In house ELISA, while 103 (43.8%) 



Table 2. Results of the retesting of HIV-2 and HIV-1&2 dually reactive patients with two serological tests in the WADA HIV-2 cohort 
in 2012 





Status on site 


ImmunoComb® 


Home-made ELISA 


Concordant^ 


results with both tests 


N 


% 


N 


% 


N 


% 


N 


% 


HIV-1 


0 


0 


125 


22.9 


145 


26.5 


119 


21.8 


HIV-2 


312 


57.0 


303 


55.4 


331 


60.5 


300 


54.8 


HIV-1&2 


235 


43.0 


119 


21.8 


71 


13.0 


63 


11.5 


Total 


547 


100 


547 


100 


547 


100 


482 


88.1 



^Positive-positive or negative-negative. WADA = West African database to evaluate AIDS; HIV-1 =human immunodeficiency virus type 1; 
HIV-2 = human immunodeficiency virus type 2; HIV-1&2 = human immunodeficiency virus type 1 and type 2. 
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Table 3. Results of the retesting in a sample of the WADA HIV-2 cohort in 2012 



312 patients initially classified as HIV-2 infected 



In-house ELISA 









HIV-1 






HIV-2 






HIV-1/2 




Total 






ImmunoCombll® 


N 




% 


N 




% 


N 


% 


N 




% 


HIV-2 on site 


HIV-1 


16 




5.1 


0 




0 


1 


0.3 


17 




5.4 




HIV-2 


0 




0 


267 




85.7 


2 


0.6 


269 




86.3 




ni v-1/ z 
Total 


1 
17 




0.3 
5.4 


16 

283 




5.1 
90.7 


Q 

12 


"7 Q 

3.8 


ZD 

312 




S '3 

O.J 

100 






235 patients initially classified as HIV-1&2 dually 






















In-house ELISA 


















HIV-1 






HIV-2 






HIV-1/2 




Total 






ImmunoCombll® 


N 




% 


N 




% 


N 


% 


N 




% 


HIV-1/2 on site 


HIV-1 
HIV-2 


103 

1 




43.8 
0.4 


0 
33 




0 
14.0 


5 
0 


2.1 
0 


108 
34 




46.0 
14.5 




HIV-1/2 


24 




10.1 


15 




6.4 




23.0 1 


93 




39.5 




Total 


128 




54.5 


48 




20.4 


59 


25.1 


235 




100 



Bold values indicate that both confirmatory tests are concordant. The grey box indicates full agreement with initial screening test results. 
WADA = leDEA West African database to evaluate AIDS; HIV-1 = human immunodeficiency virus type 1; HIV-2 = human immunodeficiency virus 
type 2; HIV-1&2 = human immunodeficiency virus type 1 and type 2. 



and 33 (14.0%) were reclassified as HIV-1- and HIV-2 mono- 
Infected respectively (kappa =0.70; p< 0.001). Both tests 
gave discordant results for 45 patients (19.1%), (Table 3). 

PGR HIV-1 RNA detection 

Plasma viral load was available for 54 of the 63 patients 
confirmed to be HIV-1&2 dually reactive with the two tests; 
40 (74.0%) were further tested with a real-time PCR technique 
for the detection of HIV-1 RNA. Among them, 36 (90%) were 
on treatment. HIV-1 RNA was detected in three patients 
(7.5%) and among them, two were on treatment. 

Discussion 

Within WADA HIV-2 cohort, 547 patients initially classified as 
HIV-2 infected (57%) or HIV-1&2 dually reactive (43%) were 
retested using ImmunoCombll® and an in-house ELISA per- 
formed independently. Overall, the diagnosis of HIV-2 mono- 
infection was confirmed by the two tests for more than 85% of 
those originally considered HIV-2 infected; in addition, 14% 
of the study subjects originally considered as HIV-1&2 were 
reclassified as HIV-2 only. Conversely, the diagnosis of HIV-1&2 
dual reactivity was confirmed by these two tests only in al- 
most one case out of five (23%), while more than 43% of 
patients initially HIV-1&2 dually reactive were reclassified as 
HIV-1 mono-infected. 

Our results suggest that as HIV-1 mono-infection, HIV-2 
mono-infection is correctly diagnosed at clinical sites in most 
instances (267/300, 89%) with the rapid serological tests 



proposed by the national algorithms. However, it remains 
challenging to clearly make the difference between the 
HIV-1&2 dually infected patients and the mono-infected 
ones. These results are consistent with previous reports 
[5,6], including that of Rouet et al. who reported the difficulty 
to confirm the dual infection with HIV-1 and HIV-2 in a 
population of pregnant women in Abidjan [7]. Currently, HIV 
screening strategies in France [28] and in the United States 
[29,30] are based on algorithms using a fourth generation 
assay which accurately detects early HIV infection but is 
unable to differentiate between HIV-1 and HIV-2. A Western 
Blot or a Multispot rapid HIV-l/HIV-2 differentiation assay is 
then used for the differentiation and in case of discordance 
a supplemental nucleic acid test (HIV-1 RNA) is performed 
[31]. Although these algorithms have shown higher diagnos- 
tic accuracy for the early detection and the differentiation 
between HIV-1 and HIV-2, none of them are currently con- 
sidered as the gold standard for the diagnosis of HIV-l&2-dual 
infection. It is therefore critical to develop new serological 
tests that are more discriminatory and specific to HIV-1&2- 
dual infection. This would improve the algorithms accuracy 
for HIV diagnosis and discrimination in countries where both 
HIV-1 and HIV-2 are endemic and could help improving ART 
management [20]. 

The recent 2013 WHO guidelines recommend initiating 
lopinavir/ritonavir plus two NRTIs as the preferred first-line 
ART option for HIV-2 and HIV-1&2 dually infected patients, 
since HIV-2 is intrinsically resistant to NNRTIs [20]. Our study 
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reveals that 43.8% of patients initially considered HIV-1&2 
dually reactive and 5.1% of those initially considered HIV-2 
infected are in fact HIV-1 mono-infected. Thus, the frequent 
misdiagnosis of HIV-1&2 dually reactive patients leads to 
prematurely initiate a preferred second-line ART in many HIV- 
1 infected patients, in areas with limited access to treatment 
options. Thus, it is critical to improve the diagnosis and 
classification of HIV-2 and HIV-1&2 dually infected patients 
before initiating ART, in order to preserve second- and upper- 
line ART options in the West African region [32]. 

The detection of HIV-1 and HIV-2 RNA or DNA using type- 
specific PCR for the isolation of both viruses from the same 
individual could be a solution to this problem [33-35]. 
However, HIV 2 RNA is undetectable in about 40% of infected 
individuals before treatment initiation in Europe and in West 
Africa [36,37]. RNA tests cannot therefore be used as a diag- 
nostic test of HIV-2 infection. Furthermore, no commercial test 
is available right now for the detection of HIV-2 DNA. Although 
many in-house techniques are being developed, their im- 
plementation in resource-constrained settings will be chal- 
lenging [37,38]. The clinical research consequence is that it 
remains very difficult in practice to characterize a cohort 
of HIV-1&2 dually infected patients. Since our study reveals 
that about 77% of the HIV-1&2 dually reactive patients are 
misclassified according to national algorithms, the published 
cohort findings on ART response should betaken with caution, 
especially when molecular biology techniques have not been 
used for the confirmation [39,40]. 

This is the first international survey retesting more than 
500 HIV-2 and HIV-1&2 dually reactive patients in three West 
African countries. The lack of an internationally recognized 
gold standard for the discrimination of HIV-2 and HIV-1&2 
dually infected patients did not allow us to propose and 
evaluate a new testing algorithm for the peripheral clinical 
sites. Moreover, considering the usually low levels of HIV-2 
RNA viremia and the difficulties to implement DNA detection 
techniques in resource-constrained settings, specific research 
is needed to improve the current algorithms. 

Conclusions 

Most HIV-2 mono-infected patients are correctly discrimi- 
nated by the national algorithms currently used in West 
African countries. HIV-1&2 dually reactive patients should be 
systematically retested with more accurate serological tests 
such as those used in this study or with DNA testing when 
available, before ART initiation. This would better prepare 
the use of second-line ART regimens when needed, especially 
in this part of the world. 
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